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(54) Stator manufacturing apparatus for forming wires in twisted shape 



(57) In a twisting formation apparatus (100) having 
an inside jig (3) provided in a ring shape with inside 
holding portions (35) for folding one of the straight por- 
tions (1 1) of a near letter U shaped wire (10) and an out- 
side jig (4) provided in a shape of ring concentric with 
that of the inside holding portions (35) with outside hold- 
ing portions for folding the other of the straight portions 

(11) , the connecting portion of the near letter-jO shaped, 0 
wire being, formed inT.twisted shape, by rotating Jrela- 5 
tively the inside and outside jigs (3), and (4), the appara^ . 
tus has a biasing.mechanism for. urging Jeading ends of 
the straight portions' "(11) and "the connecting portion' 

(1 2) in a contracting direction. 
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Description 

[0001] The present invention relates to a stator 
manufacturing apparatus, in particular, an apparatus for 
forming in a twisted shape a near letter U shaped wire 
or near letter U shaped double wires. 
[0002] A stator of a large-scale starter to be 
installed in automobiles employs an electromagnetic 
coil having a large cross sectional area for flowing large 
electric current. 

[0003] To manufacture the electromagnetic coil, at 
first, a wire made of conductive material such as copper 
is formed in a near letter U shaped wire 1 0. Next, a turn- 
ing portion 12 of the near letter U shaped wire 10 is 
twisted so that a twisted wire 1 or twisted double wires 6 
may be formed (refer to Fig. 7). 

[0004] The twisted wires 1 are press fitted for 
assembly into slots of a york and, after assembly to the 
york, both ends thereof are further deformed and con- 
nected with each other by welding and so on to com- 
plete the electromagnetic coil. 

[0005] A twisting formation apparatus 1 00 for mass- 
producing the twisted wire 1 , as shown in Fig. 1 0, is pro- 
vided with an outside holding ring 41 and an inside hold- 
ing ring 35, into which a pair of straight line portions 1 1 , 
11 of the near letter U shaped wire 10 are separately 
inserted and held respectively and which are ananged 
concentrically, and further provided with an inside jig 3 
and an outside jig 4 which are relatively rotatable. 
[0006] According to this conventional twisting for- 
mation apparatus 100, a twisting formation of the near 
letter U shaped wire 10 is conducted in a manner that 
the respective straight line portions 1 1 , 1 1 of a plurality 
of the near letter U shaped wires are inserted into the 
inside and outside holding rings 35 and 45, upper ends 
of all of the turning portions 12 are initially aligned or 
fixed on an upper side by a retaining element 101 , and, 
then, the turning portions 12 are twisted by a relative 
rotating movement of the inside and outside jigs 3 and 
4. 

[0007] However, in the twisting formation apparatus 
100 mentioned above,. when the retaining element 101 
is operative for initial alignment of the upper ends of the 
turning portions, a^gap A ooiriei but in height direction 
since a pull is given to the turning portion 12 by a defor- 
mation of the near letter U shaped wire 10. On the other 
hand, when the retaining element fixes the upper end of 
the turning portion 12, the straight line portions 11,11 
are moved upward as the turning portion is pulled up 
during the formation of the near letter U shaped wire 10. 
Thus, there exists a state that the near letter U shaped 
wire 10 is not supported in an up and down direction is 
fixed by one point during the deformation process, 
resulting in a problem that the twisted shape formation 
of the turning portion is not likely to be uniform. 
[0008] The present invention has been made in 
view of the above mentioned problem, and an object of 
the present invention is to provide a twisting formation 



apparatus in which a plurality of the near letter U 
shaped twisted wires or near letter U shaped twisted 
double wires are formed in a uniform shape at a time. 
[0009] The twisting formation apparatus enables to 

5 form at a time in a uniform twisted shape a plurality of 
the near letter U shaped wires, in a manner that at least 
either the turning portion or respective leading ends of 
the straight line portions are urged toward the straight 
line portions by biasing means. 

10 [001 0] Therefore, not only the twisted wires may be 
formed in a uniform shape, but also a generator or a 
motor such as a starter necessitating a large amount of 
the near letter U shaped wires may be manufactured 
with a minimum cost. In the apparatus, plural kinds of 

is near letter U shaped double wires piled up with each 
other may be formed in a uniform twisted form. 
[001 1 ] According to the stator manufacturing appa- 
ratus for wires in pile, while the biasing means urges the 
turning portion of the wire arranged most outside, the 

20 first and second supporting portions support the 
respective leading ends of pair of straight line portions 
of the wire arranged most outside at predetermined 
positions in respective axial directions of pair of straight 
line portions. 

25 [001 2] Thus, each of pair of straight line portions is 
prevented from being relatively moved in an axial direc- 
tion of each of the straight line portions from the first or 
second holding jig. 

[001 3] Further, the near letter U shaped wires partly 
30 project out of the first and second holding jigs. The 
respective wires projecting on the turning portion side 
have lengths to an extent that, when the first and sec- 
ond holding jigs are relatively moved, only the respec- 
tive projecting turning portions are deformed and, thus, 
35 the respective straight line portions held in the first and 
second holding jigs are not drawn out toward the turning 
portions. 

[0014] Therefore, the first and second supporting 
portions serve to prevent damages of the near letter U 

40 shaped wires due to frictions between the respective 
straight line portions and the respective holding jigs. 
[0015] ^Thje ne^ 'letter U shaded wires 'in pile* are 
resp^ively provided wjtH the having v 

different ci^ature^ a^starting por- ; 

45 i\on ^ where 'We" wire^aijang 

deformed is more far away from a center oT the turning 
portion than a starting portion where the wire arranged 
outside (outside wire) is deformed. As a result, after the 
twisting formation process, a height length of the inside 

so wire becomes shorter than that of the outside wire. 
[0016] Therefore, as another aspect of the present 
invention, the stator manufacturing apparatus is pro- 
vided with the second biasing mechanism for urging the 
leading ends of the straight line portions of the inside 

55 wire. Thus, when the turning portion of the inside wire is 
twisted, an upper surface of the turning portion of the 
inside wire is maintained to press against a lower sur- 
face of the turning portion of the outside wire, even if the 
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length of the inside wire becomes shorter. 
[001 7] As a result, a twisted shape fluctuation of the 
turning portion (turning portion 63) of the inside wire 
may be prevented, as the inside wire is twisted also at a 
state that a movement in an axial direction thereof is s 
restricted. 

[0018] As a further aspect of the present invention, 
the stator manufacturing apparatus is provided with the 
third biasing mechanism for urging respective leading 
ends of the straight line portions of the outside wire 10 
toward respective directions of the straight line portions, 
after the turning portions of the plural kinds of near letter 
U shaped wires arranged in piles have been twisted. 
[0019] As a result, the respective leading end posi- 
tions of the outside wire are accurately aligned by the is 
third biasing mechanism for deforming the outside wire, 
even if the respective leading end positions are fluctu- 
ated to some extent during the previous process, so as 
to absorb such a fluctuation. 

[0020] As a furthermore aspect of the present 20 
invention, the first holding portion is formed in a ring 
shape and the second holding portion is also formed in 
a ring shape on an outer circumference side of and con- 
centrically with the first holding portion. Therefore, a rel- 
ative rotating movement of the first and second holding 25 
jigs cause to twist the turning portions of the near letter 
U shaped wire or double wires. The twisted wires 
formed as above mentioned are, then, inserted into 
slots of a stator core. The insertion into the slots 
becomes easy because the stator core is formed gener- 30 
ally in a ring shape. 

[0021] Another object of the present invention is to 
provide manufacturing methods as processes executed 
by the stator manufacturing apparatus mentioned 
above. 35 
[0022] Other features and advantages of the 
present invention will be appreciated, as well as meth- 
ods of operation and the function of the related parts, 
from a study of the following detailed description, the 
appended claims; and the drawings, all. of which form a v 40 
part of this application. In the drawings: s- n , \ r .v»Mhr>r 

•m*' fir? n cuG3Vr.}.Vi c\ 0t £»v*V l&ClS-S 1 1 1 v->n sr.- 
,! \Fig.\1 is a cross sectional.frontview of an apparatus ,b 
,.for:forming in a twisted [shape neat letter U shaped™? 
-j. wires according to a first embodiment of .the present uv 45 
invention; ^ nurj-j .<;./. \jq 

Fig. 2 is a cross sectional plan view taken along aw 
line IMI of Fig. 1; 

Fig. 3 is an enlarged view of a part of Fig. 2; 

Fig. 4 is a cross sectional front view of a wire twist- so 

ing formation apparatus according to a second 

embodiment of the present invention; 

Fig. 5 is a cross sectional plan view taken along a 

line V-V of Fig. 4; 

Fig. 6 is an enlarged view of a part of Fig. 5; 55 
Fig. 7 is perspective views of a near letter U shaped 
wire and a twisted wire; 

Fig. 8 is perspective views of near letter U shaped 
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double wires and twisted double wires; 
Fig. 9 is a cross sectional front view of a wire twist- 
ing formation apparatus according to a third 
embodiment of the present invention; and 
Fig. 1 0 is a partly enlarged view of a conventional 
apparatus for forming in a twisted shape a near let- 
ter U shaped wire. 

[0023] Figs. 1 to 3 show a twisting formation appa- 
ratus 100 for forming a near letter U shaped wire in a 
twisted shape as a stator manufacturing apparatus 
according to a first embodiment of the present inven- 
tion. 

[0024] The twisting formation apparatus 100 is for 
forming a near letter U shaped wire 10 in a twisted 
shape as shown in Fig. 7 and manufactures at a time a 
large amount of the twisted wires 1 as electromagnetic 
coil elements to be used in a stator for a starter and so 
on. 

[0025] According to the first embodiment, the near 
letter U shaped wire 1 0 is made by forming in a near let- 
ter U shape a predetermined length of a rectangular 
cross sectional shaped conductive wire coated by insu- 
lating material and composed of straight line portions 
11,11 and an arc shaped connecting portion 12 (turn- 
ing portion). 

[0026] The near letter U shaped wire 10 may be a 
circular or other cross sectional shaped wire and the 
connecting portion 12 may be formed in, beside the arc 
shape, a near letter V shape or a near trapezoidal 
shape. 

[0027] The apparatus 100 for forming in a twisted 
shape the near letter U shaped wires is provided with a 
casing 2 composed of a base plate 21 , and a cylindrical 
shaped center axis tube 22 and an external tube 23 
both of which have a common center axis and are con- 
centrically fixed to the base plate 21 . An inside retaining 
ring 24 and an outside retaining ring 25 are fastened 
respectively to upper ends of the center axis and exter- 
& nal tubes 22 and 23. An arm-inserting window 26 is pro-; 
vided at a lower.end of the external tube 23.< : [$£0&] 
[0028]: U?t A cylindrical shaped inside jig 3 (first holding m 
jig) is slidably fitted to an outside of the center axis tube rn 
22: A cylindrical shaped outside/jig: 4 (second; holding;.*; 
jig) is located outside the inside jig 3 and is slidably fitted -r 
to an inside of the v external tube 23:- An upper end inter-iT 
nal circumference of the inside jig 3 is slidably retained 0 
by the inside retaining ring 24 and an upper end exter- 
nal circumference of the outside jig 4 is slidably retained 
by the outside retaining ring 25. 

[0029] An inside holding ring 31 is attached to an 
upper end surface of the inside jig 3. The inside jig 3 is 
provided at an upper external circumference thereof 
with a diameter-reduced portion 33 having an external 
circumferential step 32 and at a lower end thereof with a 
flange portion 34. The inside holding ring 31 is provided 
with an inside holding portion 35 constituted by rectan- 
gular shaped holes arranged in a ring shape, in which 
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one of the straight line portions 1 1 , 11 of the near letter 
U shaped wire is inserted. An external circumference of 
the flange portion 34 abuts an internal circumference 
surface of the external tube 23. A lower side arm 36 
extending in a radial direction through the arm-inserting 5 
window 26 is connected to an external circumference 
portion of the flange 34. 

[0030] A lower end surface of the outside jig 4 is sit- 
dably placed on the flange portion 34 and the outside 
holding ring 41 is fastened to an upper end surface of io 
the outside jig 34. The outside jig 34 is provided at an 
upper internal circumference thereof with a diameter- 
enlarged portion 43 having an internal circumference 
step 42. 

[0031] An upper side arm 44 extending through the is 
arm-inserting window 26 is connected to a lower end of 
the outside jig 4. The outside holding ring 41 is provided 
with an outside holding portion 45 constituted by rectan- 
gular shaped holes arranged on a circle, in which the 
other of the straight line portions 1 1 , 1 1 of the near letter 20 
U shaped wire is inserted. The outside holding portion 
45 is faced to and arranged concentrically with the 
inside holding portion 35. 

[0032] A pair of pillars 29, 29 are provided in the 
base plate 21 in a manner that the external tube 23 is 25 
put between the pair of pillars 29, 29. An upper base 
plate 27 is fixed horizontally to upper ends of the pillars 
29. 29. The upper base plate 27 is provided with a round 
hole 28 concentrically with the center axis tube 22 and 
a biasing mechanism 5 urging the near letter U shaped 30 
wires 10 with a contraction force. 
[0033] The biasing mechanism according to the 
present embodiment is composed of an expanding and 
contracting actuator 51, a moving arm 52 driven to 
move up and down by the actuator 51 and a biasing disk 35 
plate 53 fastened at a lower end of the moving arm 52. 
The arm 52 is disposed through the round hole 28. The 
biasing disk plate 53 has a size sufficient to come in 
contact with all of the connecting portions 12 of the near 
letter U shaped wires 1 0f- . ^ . ? --...v ,..-40 ■ 

[0034] The expanding and contracting actuaton51 • 
maybe.an actuator causing a reciprocal up and down* - 
movement-oithe arm 52 by:means of a cylinder and a «: 
hydraulically or aerodynamically-bperated piston, or by-V 
means of .^combination of 'a motor and a ball screw.r 45 ' 
• The biasing mechanism 5 may be of a type that a weight 
of the biasing disk plate 53 is utilized. v •: * 
[0035] Next, an operation method of the twisting for- 
mation apparatus 1 00 is described. 

[0036] The respective straight line portions 11,11 so 
of the near letter U shaped wires 1 0 are inserted into all 
of the respective rectangular holes of the inside and out- 
side holding portions 35 and 45. The leading ends of the 
straight line portions 11, 11 come in contact with the 
external and internal circumference steps 32 and 42, 55 
respectively. 

[0037] Then, the arm 52 is moved downwardly so 
that the biasing disk plate 53 may be moved down, as 



shown by a two dots-slash line in Fig. 1 , to urge all of the 
connecting portions 12 of the near letter U shaped wires 
10 downwardly in the drawing. As a result, certain con- 
traction forces generates in the entire near letter U 
shaped wires 10 between the external and internal cir- 
cumference steps 32 and 42 and the biasing disk plate 
53. 

[0038] Next, as shown in Fig. 3, the lower and upper 
side arms 36 and 44 are rotated by identical angles in 
opposite directions by a rotating device not shown in the 
drawing. During this process, the connecting portions 
12 of the near letter U shaped wires 10 are fixed to the 
biasing disk plate 53 due to the contraction force urged 
by the biasing disk plate 53. Therefore, each of the con- 
necting portions 12 is formed in a twisted shape by 
rotating the lower and upper side arms 36 and 44 by 
identical angles in opposite directions respectively in 
such a manner that both sides of the connecting 
portion 12 are uniformly deformed centered on a top of 
the connecting portion 12. 

[0039] As a plenty of the near letter U shaped wires 
10 are installed in the inside and outside jigs 3 and 4, all 
of the near letter U shaped wires 10 are formed in 
twisted shapes at a time when the inside and outside 
jigs 3 and 4 are relatively rotated. That is, a large 
amount (for example 96 pieces) of the twisted wires 1 as 
shown in Fig. 7 are manufactured at a time. 
[0040] During the twisting formation process men- 
tioned above, the expanding and contracting actuator 
51 urges downward with a certain biasing force (torque) 
the connecting portions 12 via the biasing disk plate 53. 
Thus, the contraction force is always applied between 
the connecting portion 12 and the respective leading 
ends of the straight line portions 11,11. The contraction 
force thus applied serves to surely prevent the fluctua- 
tion of the twisted shape of the connecting portion 12. In 
other words, when the connecting portion 1 2 of the near 
letter U shaped wire 10 is formed in the twisted shape, 
the height position of the connecting portion 12 
becomes lower.s as a space between the straighriine 
portions 1 1, 1 1 is expanded more largely At this time, if . 
the near letter U shaped wire 10 is movable in an axial 
direction, the respective holding positions of the straight 
line portions at'theinside arid outside jigs 3 and 4 fluc- 
tuate; As a result, the twisted shape of the connecting 
portion 1 2 fluctuates. o *^vn: 

[0041] According to the first embodiment, the bias- 
ing disk plate 53 is so movable up and down that, as the 
height position of the connecting portion 12 becomes 
lower, the biasing disk plate 53 moves downward to fol- 
low the connecting portion 12 and continues to urge the 
connecting portion 12 with a certain biasing force. Thus, 
the connecting portion 12 is formed in the twisted shape 
in a manner that the inside and outside jigs hold the 
straight line portions 1 1. 1 1 of the near letter U shaped 
wire 10 always at respective predetermined positions. 
Therefore, the fluctuation of the twisted shape of the 
connecting portion 12 may be prevented. 
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[0042] Further, after the twisted wires 1 are inserted 
into the slots of the stator core, the leading ends of the 
straight portions 1 1 , 1 1 are further formed to bend and, 
then, each of the leading ends of one of the twisted 
wires 1 is connected to each of the leading ends of 
another of the twisted wires 1 to complete the stator coil. 
In this case, as the respective leading end positions of 
the straight line portions 11, 11 are aligned due to the 
contraction force applied by and between the biasing 
disk plat 53 and the external and internal circumference 
steps 32 and 42, as shown in the present embodiment, 
it is not necessary to align the respective positions of 
the leading ends of twisted wires 1 , separately, when 
the respective leading ends are connected to each 
other. This will result in an easy manufacturing process 
for connecting the wires. 

[0043] Furthermore, the twisted wires 1 are assem- 
bled to the slots of the stator core arranged in a ring 
shape around the rotor. As the holding portions (the 
inside holding portion 35 and the outside holding por- 
tion 45) for holding the straight line portions 1 1 , 11 of the 
near letter U shaped wires 10 are arranged on respec- 
tive concentric circles, the assembly of the twisted wires 
1 to the slots, as a next process to the twisting formation 
process, becomes easy. 

[0044] Figs. 4 to 6 shows a second embodiment. A 
wire twisting apparatus 200 as another stator manufac- 
turing apparatus according to the second embodiment 
is for manufacturing twisted double wires 6 by forming at 
a time in twisted shapes near letter U shaped two wires 
comprising an outside wire 6A and an inside wire 6B 
piled up outside and inside, as shown in Fig. 8. 
[0045] According to the second embodiment, the 
inside and outside jigs 3 and 4 are provided respectively 
with middle outside diameter and middle inside diame- 
ter portions 38 and 48 having lower external and lower 
internal circumference steps 37 and 47 at respective 
downsides of the external and internal circumference 
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and outside holding portions 35 and 45, respectively, 
the leading ends of the straight portions 62, 62 of the 
outside wire 6A come in contact with the external and 
internal circumference steps 32 and 42 and the leading 
ends of the straight portions 61 , 61 of the inside wire 6B 
come in contact with the movable external and internal 
tubes 71 and 72. 

[0049] At the state mentioned above, the lower and 
upper side arms 36 and 44 are rotated by identical 
angles (for example, an angle corresponding to 1.5 
slots) in opposite directions by a rotating device not 
shown in the drawing. During this process, center top 
portions of the connecting portions 64 of the outside 
wires 6A are always retained to the biasing disk plate 53 
due to the contraction force urged by the biasing disk 
plate 53. Therefore, each of the connecting portions 64 
is formed in a twisted shape by rotating the lower and 
upper side arms 36 and 44 by identical angles in oppo- 
site directions in such a manner that both sides of the 
connecting portion64 are uniformly deformed centered 
on the top portion of the connecting portion 64. 
[0050] Further, similarly to the first embodiment, as 
the height position of the connecting portion 64 
becomes lower, the biasing disk plate 53 moves down- 
ward to follow the connecting portion 64 and continues 
to urge the connecting portion 64 with a certain biasing 
force. Therefore, the connecting portion 64 is twisted 
without the fluctuation of the twisted shape of the con- 
necting portion 64. 

[0051] The near letter U shaped double wires 60 
project on sides of the connecting portions 63 and 64 
out of the inside and outside holding portions 35 and 45, 
respectively. The respective double wires projecting on 
the sides of the connecting portions 63 and 64 have 
lengths to an extent that, when the inside and outside 
holding portions 35 and 45 are rotated relatively in 
opposite directions, only the respective projecting con- 
necting portions 63 and. 64 are deformed and the 
respectiye;straight,line portions. 61 and. 62 held in- the..- 



steps,32 and ( 42: : tj;o i comm & ra-.-^nt ^jBtiiic 'aw 

[0046] * 0^At,iVieKrniddlej;outside andL: middle, tinsideot 40 j» inside and outside holding portions 35 and:45 are .not ! -! 
diameter portions 38 ;and . 48 .^disposed are ispring type n* drawn-out substantially in .directionszoft;the..connectingo] 
biasjng:means^7^qr^urgingJheLStraight line por t tiqpst6jl?ni pqrtions^63 andj&t icrtsJa srii to efala ©rtf otn\ bsfteeni 
etWithe-insideLwire^B towardLthe^connecting pqttiorhq [0052] ^ t F t urthern:eyen5 if^the*? biasing gdi.sk? plate 53t© 
63.3woi gmtasl gninottisoq ese bns sgnn gninoit urges .th.ejcon^ecting^ 

[0047]; o^tThe^springJype. biasing, means;is.comppsedi0 45?> the Jeading:endjof fe each,streught:portionc62 v of the:out-si 



of mpvableLexternatand jrrternal tubes>71-andt72 .fitted^) 
moyably in arvup;and.dpwn directionrtOtthe middle out : jni 
side and inside diameter portions 38fand 48;;respec-ol 
tively, and coil springs 73 and 74 disposed between 
lower ends of the movable external and internal tubes 
71 and 72 and the lower external and lower internal cir- 
cumference steps 37 and 47, respectively. 
[0048] The rectangular shaped holes of the inside 
and outside holding portions 35 and 45 correspond in 
size to cross sectional shapes of the straight line por- 
tions 1 1 , 1 1 of the near letter U shaped double wires 60. 
When the straight line portions 11, 11 of the near letter 
U shaped double wires 60 are inserted into the inside 



so 



55 



side wire. 6A, is;* he!d : at;a predetermined, position insao to 
axial^directipn^of^each straight Jine portion^62 jbyjhevat 
external or internal circumference step 32 or 42. There- h: 
fore, the each straight portion 62 can not move in an 
axial direction thereof, and the each straight portion 62 
may not be further pushed into the inside or outside 
holding portion 35 or 45 by the biasing disk plate 53. 
Therefore, when the near letter U shaped double wires 
60 are formed in the twisted shapes, the outside wire 6A 
may be prevented from a damage due to a friction 
between the each straight line portion 62 and the inside 
or outside holding portion 35 or 45. 
[0053] On the other hand, when the inside wire 6B 
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is inserted into the inside and outside jigs 3 and 4, the 
inside wire 6B is put between a lower surface of the con- 
necting portion of the outside wire 6A and the spring 
type biasing means 7 and receives a force in a contrac- 
tion direction therefrom. 

[0054] However, as a curvature radius of the con- 
necting portion of the inside wire 6B is smaller than that 
of the connecting portion 64 of the outside wire 6A, the 
inside wire 6B is hardened in a higher degree when the 
inside wire 6B is bent to form in the letter U shape. 
Therefore, at the twisting formation process, the twisting 
of the connecting portion 63 of the inside wire 6B starts 
at positions more far away from the center thereof, com- 
pared with the twisting of the connecting portion 64 of 
the outside wire 6A. As a result, after the twisting forma- 
tion process, the length of the inside wire 6B becomes 
shorter than that of the outside wire 6A. 
[0055] As mentioned above, the leading ends of the 
straight line portions 61, 61 of the inside wire 6B are 
urged toward the biasing disk plate 53 by the coil 
springs 73 and 74 via the movable external and internal 
tubes 71 and 72, respectively. Therefore, when the con- 
necting portion 63 of the inside wire 6B is twisted, the 
movable external and internal tubes 71 and 72 move 
upward by a length corresponding to the shorter length 
resulted in the inside wire 6B. Thus, the upper surface of 
the connecting portion 63 of the inside wire 6B keeps to 
be pressed against the lower surface of the connecting 
portion 64 of the outside wire 6A. Therefore, as the 
inside wire 6B is also twisted at a state that an axial 
movement is restricted, no fluctuation of the twisted 
shape of the connecting portion 63 of the inside wire 6B 
may be generated. 

[0056] As a plenty of the near letter U shaped dou- 
ble wires 60 are installed in the inside and outside jigs 3 
and 4, all of the near letter U shaped double wires 60 
are formed in twisted shapes at a time when the inside 
and outside jigs 3 and 4 are relatively.rotated. That is, a 
large amount of the twisted dbuble : wires\6 as' shown inc; 
Fig:*8are manufactured at a4ime:^on eteaiuo trie o^am 
[OOSTpsn^Furth'er^after^ 

inserted into the slots of the stator cbfe>the^leadingX3 
ends of~the^s;tfaight ^ further^] 
fbrrhed-to bend^Attthis bending formation process, the^ 
respective layers rofithe^straighriirie^port 62 Hi 

of the'twisted doubleiwires > 6 exposed out' of the" respec&ie 
tive: leadirig'ehds of the slots are twisted 1 alternately^ cs 
the" adjacent layers in opposite^ circumferential direct 
tions by a predetermined angle (for example, angle cor- 
responding to 1 .5 slots). That is, first and third layers of 
the straight line portions 61 and 62 viewed from an inter- 
nal diameter side of the stator core are twisted in one 
circumferential direction by the predetermined angle 
and second and fourth layers of the straight line portions 
61 and 62 are twisted in the other circumferential direc- 
tion (direction opposite to that of the first and third lay- 
ers) by the predetermined angle (same angle with the 
first and third layers). After that, adjacent leading ends 



of the outside and inside wires 6A and 6B are respec- 
tively connected by welding and the like to complete the 
stator core. 

[0058] When the leading ends of the outside and 
s inside wires 6A and 6B are connected in a manner men- 
tioned above, if the leading end positions of the outside 
and inside wires 6A and 6B are flatly aligned, the con- 
necting work may be easily performed. Therefore, in 
view of the fact that the length of the inside wire 6B 
io becomes shorter than that of the outside wire 6A at the 
twisting formation process, original length of the inside 
wire 6B is primarily set to be longer than that of the out- 
side wire 6A, as shown in Fig. 4. Thus, at the connecting 
process, the respective leading ends of the outside and 
is inside wires 6A and 6B may be at the flatly aligned posi- 
tions. 

[0059] Fig. 9 shows a twisting apparatus 300 as a 
further stator manufacturing apparatus according to a 
third embodiment of the present invention. The twisting 
20 apparatus 300 is composed of a base plate 311, an 
inside jig 321, an outside jig 331 and a coil biasing 
mechanism 340. A cylindrical shaped center axis tube 
312 and a cylindrical shaped external tube 313 posi- 
tioned concentrically and outside the center axis tube 
25 312 are fixed perpendicularly to the base plate 311. The 
inside and outside jigs 321 and 331 are rotatably 
housed between the center axis tube 312 and the exter- 
nal tube 313. 

[0060] On an outer lower side of the center axis 
30 tube 3 1 2 and on an inner lower side of the external tube 
313, provided are step portions 312a and 313a for hold- 
ing in an axial direction the inside and outside jigs 321 
and 331, respectively. Further, at respective upper ends 
of the center axis and external tubes 312 and 313, fas- 
35 tened are inside and outside retaining rings 314 and 
315 for restricting axial upward movement of the inside 
and outside jigs 321 and 331, respectively. 
[0061] The inside jig 321 is provided at an upper - 
end surface thereof with an inside holding i ring 322: r Alz 
4o-i lowecsidtf arm 323 for transmitting rotation torque to the^3 
inside' jigT321sis. cdnnectedCat ^avlowerpdrtibn bf^theib 
inside-jig 32 1 f Adjacent "to thejnside jig T 321£rotatably;d 
provided: aretcylindricalfshaped f irst^and r sec»nd n: posi- 3 
tioning rings 324 and 325 for positioning leading Iower03 
45?* erids;62a and-61a of*one~of:the outside and inside wiresSJ 
6 A^ arid '6Bj:respectively. CThef irst ahd-secdnd^positidn-k) 
ing rings 324 and 325 are connected through [ pin 326m 
to the -ihside jig 321' and rotatableT together with the x 
inside jig 321. The first and second positioning rings 
so 324 and 325 are connected through a penetrating hole 
provided in the base plate 311 to a drive motor (not 
shown in the drawing) and respectively independently 
movable in an axial direction (up and down directions in 
the drawing). 

55 [0062] The first and second positioning rings 324 
and 325 are provided with slits 324a and 325a extend- 
ing in axial directions thereof. Circumferential width of 
the slit 324a or 325a is same with circumferential thick- 
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ness of the pin 326 provided at an axially intermediate 
portion of the inside jig 321 and extending toward an 
outer diameter side thereof. An engagement of the pin 
326 with the slits 324a and 325a enables to transmit the 
rotation force rendered to the inside jig 321 to the first 
and second positioning rings 324 and 325. 
[0063] The axial lengths of the slits 324a and 325a 
is long to an extent that the pin 32 does not prevent a 
movement of the first and second positioning rings 324 
and 325 for moving upward the near letter U shaped 
double wires 60 after finishing the twist formation 
thereof. 

[0064] The outside jig 331 is composed of the simi- 
lar structure to the inside jig 321 . That is, the outside jig 
331 is provided at an upper end surface thereof with an 
outside holding ring 332. An upper side arm 333 for 
transmitting rotation torque to the outside jig 331 is con- 
nected at a lower portion of the outside jig 331 . Adjacent 
to the outside jig 331 , rotatably provided are cylindrically 
shaped third and fourth positioning rings 334 and 335 
for positioning leading lower ends 62b and 61b of the 
other of the outside and inside wires 6A and 6B, respec- 
tively. 

[0065] The third and fourth positioning rings 334 
and 335 are connected through a pin 326 to the outside 
jig 331 and rotatable together with the outside jig 331. 
The third and fourth positioning rings 334 and 335 are 
connected through a penetrating hole provided in the 
base plate 311 to the drive motor (not shown in the 
drawing) and respectively independently movable in an 
axial direction (up and down directions in the drawing). 
The third and fourth positioning rings 334 and 335 are 
also provided with slits 334a and 335a extending in 
axial directions thereof, as are same with the first and 
second positioning rings 324 and 325. 
[0066] The coil biasing mechanism 340 is com- 
posed of an inside guide 341 , a biasing disk plate 342, 
a spring 343 and a driving motor (not shown in the draw- 
ing). The inside guide 341 is for guiding an inside diam- 
eter portion of the outside wire 6A after the straight line 
portions 61, and 62 of the near letter y shaped double 
wires 60 are inserted into. inside and. outside holding 
portions formed in inside and outside holding rings 322 
and 332 and, then, twisted. 

[0067]^ ;sThe inside guide 341 is composed of a disk 
portion 341a having a. diameter corresponding to the 
inside diameter of the near letter U shaped double wires 
60 arranged in circle shapes, and a shaft 341b extend- 
ing perpendicularly from a center of the disk portion 
341a. 

[0068] The biasing disk plate 342 is movable up and 
down along the shaft 341b by a drive motor (not shown 
in the drawing). The spring 343 is provided between the 
inside guide 341 and the biasing disk plate 342 and 
urges the inside guide 341 downward. 
[0069] Next, a method for forming in twisted shapes 
the near letter U shaped double wires 60 with the stator 
manufacturing apparatus is described. 



[0070] The respective straight line portions 61 and 
62 of the near letter U shaped double wires 60 at a state 
that two pieces of the outside and inside wires 6A and 
6B are in and out in pile are inserted into the inside and 

5 outside holding portions. Then, the drive motor (not 
shown) moves down the coil biasing mechanism 340. 
[0071] Thus, the disk plate portion 341a of the 
inside guide 341 is inserted into the inside diameter por- 
tion of the near letter U shaped double wires 60 

10 arranged in ring shapes. Then, the biasing disk plate 
342 further moves down relative to the inside guide 341 
so as to come in contact with the top portion of the con- 
necting portion 64 of the outside wire 6A. On the other 
hand, the first to fourth positioning rings 324, 325, 334 

15 and 335 move up by means of the drive motor (not 
shown) to support the lower ends of the near letter U 
shaped double wires 60, respectively. 
[0072] Thus, the axial movements of the near tetter 
U shaped double wires 60 are restricted by the biasing 

20 disk plate 342 and the first to fourth positioning rings 
324, 325, 334 and 335. In particular, as the drive motor 
(not shown) controls the biasing disk plate 342 to keep 
pressing against the top portion of the outside wire 6A 
with a certain torque so that a predetermined contacting 

25 force may be applied to the outside wire 6A. 

[0073] While the above state is maintained, the 
connecting portions 63, 64 of the outside and inside 
wires 6A and 6B are simultaneously twisted by the lower 
and upper arms 323 and 333 being rotated each other 

30 in opposite directions by the identical angles (for exam- 
ple, angle corresponding to 1.5 slots) by the rotation 
device (not shown in the drawing). At this twisting for- 
mation process, the first and fourth positioning rings 
324 and 335 supporting the leading ends 62a and 62b 

35 of the outside wire 6A are held at predetermined axial 
positions. 

[0074] Similarly to the second embodiment, as the 
height position of the connecting portion 64 becomes 
lower at the twisting formation; the biasing disk plate 

40 342 moves more downward to follow the connecting 
portion 64, since the biasing disk plate,342 continues to 
press the connecting portion 64 with the certain torque:. 
As aresult, the connecting portion is twisted without the \ 
twisted shape fluctuation^ the connecting portion 64 : « 

45 * [0075], no: On ; the other.hand, a length oithe inside wire 
6B; after the twisted formation becomes shorter than 
that of the outside wire 6A, as mentioned in the second 
embodiment. To cope with this matter, the driving motor 
(not shown) controls the second and third positioning 

so rings 325 and 334 supporting the leading ends 61 a and 
61b of the straight portions 61 of the inside wire 6B to 
urge the leading ends 61a and 61b with a certain torque 
at the twisted formation process. 
[0076] Thus, the second and third positioning rings 

55 325 and 334 moves upward by a distance correspond- 
ing to the distance by which the inside wire 6B becomes 
shorter when the connecting portion 63 thereof is 
twisted. Therefore, as the upper surface of the connect- 
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ing portion 63 of the inside wire 6B keeps in pressing 
contact with the lower surface of the connecting portion 
64 of the outside wire 6A. As a result, no twisted shape 
fluctuations of the connecting portions 63 of the inside 
wires 6B may generate, as the inside wires 6B are also 
twisted under the axial movement restriction. 
[0077] Then, after the near letter U shaped double 
wires 60 are formed in twisted shapes by the inside and 
outside jigs 321 and 331 , the first and fourth positioning 
rings 324 and 335 supporting the leading ends 62a and 
62b of the outside wire 6A move upward with a prede- 
termined torque or by a predetermined distance, while 
the biasing disk plate 342 urges the connecting portion 
64 of the outside wire 6A. 

[0078] Through this process, the fluctuation of the 
leading end positions of the outside wires 6A, which 
may have occurred to some extent before the upward 
movement, may be absorbed so that the leading ends of 
the outside wires 6A may be accurately aligned. 
[0079] In addition, though it serves effectively to 
align the leading end positions of the outside wires 6A 
that the biasing disk plate 342 urges the outside wire 6A 
with the predetermined torque, there may be a case that 
the positions of the leading ends 62a and 62b are not 
neatly aligned, in particular, when a frictional force 
between the straight portion 62 and the holding portion 
for folding the straight portion 62 is large. To this end, 
the upward movement of the first and fourth positioning 
rings 324 and 335 supporting the leading ends 62a and 
62b causes to align definitely the leading end positions. 
As a result, the connecting process coming thereafter 
that the leading ends of the outside and inside wires 6A 
and 6B are connected by welding and the like becomes 
easier. As other functions and results are similar to 
those described in the second embodiment, the expla- 
nation is omitted. 
[0080] Though the above first to third embodiments 
describe that the connecting portions of the near letter 
U shaped wires are twisted by rotating the inside and 
outside jigs in the opposite directions by the same 
angle, rotating only one ofithe outside and inside jigs or 
rotating the jigs in the opposite directions by rotating , 
angles;different from each other may be. an alternative 
wayHm other words; it may be sufficient to. relatively . r 
rotate the both jigs so as to the connecting portion of the: " 45 
near letter U shaped wire: However.un case of rotating 
only one of the jigs; it is necessary to make the biasing 
disk plate for urging with the predetermined torque the 
connecting portions of the near letter U shaped wires 
rotatable. When the one of the jigs is rotated, rotating 
the biasing disk plate by an angle corresponding to 1/2 
rotation angle of the jig makes it possible to twist uni- 
formly both sides of the connecting portion. 
[0081] Further, according to the second and third 
embodiments, the twisting formation process is 
described as the case of piling up doubly the outside 
and inside wires 6A and 6B. In place of the double 
wires, it may be possible to form in twisted shapes the 



near letter U shaped wires piled up triply and more. 
[0082] Furthermore, the above embodiments 
describe the case that the stator coil is made by con- 
necting the rectangular cross sectional wires. However, 
the cross section thereof is not limited to be of the rec- 
tangular shape but may be of circular, oval or polygonal 
shape other than the rectangular shape. 

Claims 
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A stator manufacturing apparatus for manufacturing 
a stator by connecting a plurality of twisted wires (1 ) 
each of which is formed by twisting a turning portion 
(12) of a near letter U shaped wire (10) having one 
straight line portion (11) and another straight por- 
tion (11), comprising: 

a first folding jig (3) in which a first folding por- 
tion (35) is arranged for holding said one 
straight line portion; 

a second folding jig (4) in which a second fold- 
ing portion (45) is arranged for folding said 
another straight line portion; and 
a biasing mechanism (5) for urging at least one 
of said turning portion and leading ends of said 
one and another straight line portions of the 
near letter U shaped wire toward said one and 
another straight line portions, when said first 
and second holding jigs are relatively moved so 
that said one straight line portion may move 
more apart from said another straight line to 
twist said turning portion of the near letter U 
shaped wire. 

A stator manufacturing apparatus for manufacturing 
a stator by connecting a plurality of twisted wires ( 1 ) 
formed by twisting turning portions (63 or 64) of 
near letter U shaped wires (60) having a pair of 
straight line portions (61 or 62), the near letter U 
shaped wires having at least two kinds of wires (6A 
and 6B) arranged in pile outside and inside with the 
turning portions having different curvature radiuses,. 
comprising:^., i . -.'<• . :;- ; .-<; r . . • »j- < 

- v:> r-n',; * •; . v ■ cm 
' a first folding jig (3,321) in which a first folding*' 
' portion (35, 322) is arranged for* holding 
respective one of said pair of straight line por- 
tions of at least two kinds of wires; 
a second folding jig (4, 331) in which a second 
folding portion (45,332) is arranged for folding 
respective another of said pair of straight line 
portions of at least two kinds of wires; and 
a biasing mechanism (5,340) for urging said 
turning portion (64) of the wire (6A) arranged 
outside toward said pair of straight line portions 
thereof, when said first and second holding jigs 
are relatively moved so that said one of pair of 
straight line portions of each of at least two 
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kinds of wires may move more apart from said 
another of pair of straight line portions of each 
of at least two kinds of wires to twist said turn- 
ing portion of each of at least two kinds of 
wires. 5 

3. A stator manufacturing apparatus according to 
claim 2, further comprising; 

a first supporting portion (32,324) for moving 10 
together with said first holding jig (35,321) and 
supporting a leading end of said one of pair of 
straight line portions (61) held in said first hold- 
ing jig at a predetermined position in an axial 
direction thereof; and is 
a second supporting portion (42,335) for mov- 
ing together with said second holding jig 
(45,331) and supporting a leading end of said 
another of pair of straight line portions(62) held 
in said second holding jig at a predetermined 20 
position in an axial direction thereof, 
wherein said first and second supporting por- 
tions support said pair of straight line portions 
of the wire (6B) arranged outside at respective 
given positions, when the first biasing mecha- 25 
nism (5,340) urges said turning portion (64) of 
the wire (6A) arranged outside. 

4. A stator manufacturing apparatus according to 
claim 2 or 3, further comprising; 30 



a second biasing mechanism (71 to 73,325 and 
334) for urging respective leading ends of said 
pair of straight line portions (61) of the wire 
(6B) arranged inside toward said pair of straight 
line portions thereof, when said turning por- 
tions of at least two kinds of wires piled up each 
other are twisted, respectively. 

5. A stator manufacturing apparatus according to any 
one of claims 2 to 4, further comprising; 



6. A stator manufacturing apparatus according to any 
one of claims 1 to 5, wherein said first holding por- 
tion (35,322) is formed in a ring shape and said 
second holding portion (45.332) is also formed in a 
ring shape on an outer circumference side of and 
concentrically with said first holding portion, a rela- 
tive rotating movement of said first and second 
holding jigs (3 and 4, 321 and 331) causing to twist 



said turning portions (12,63,64) of the near letter U 
shaped wires (10,60). 

7. A stator manufacturing method for manufacturing a 
stator by connecting a plurality of twisted wires (1) 
each of which is formed by twisting a turning portion 
(12) of a near letter U shaped wire (10) having one 
straight line portion and another straight portion, 
comprising steps of: 

urging at least one of said turning portion and 
leading ends of said one and another straight 
line portions of the near letter U shaped wire 
toward said one and another straight line por- 
tions, while said one straight line portion is 
moved more apart from said another straight 
line portion to twist said turning portion of the 
near letter U shaped wire. 

8. A stator manufacturing method according to claim 
7, further comprising steps of; 

arranging in a ring shape a plurality of said near 
letter U shaped wires in a manner that said one 
and another straight portions of each of said 
near letter U shaped wires are aligned radially, 
wherein said one and another straight portions 
are moved relatively and circumferential ly so 
as to be more apart from each other so that 
said turning portion of the near letter U shaped 
wire may be simultaneously twisted. 

9. A stator manufacturing method for manufacturing a 
stator by connecting a plurality of twisted wires (1) 

35 formed by twisting turning portions (63 or 64) of a 
near letter U shaped wires (60) having a pair of 
straight line portions (61 or 62), the near letter U 
shaped wire having plural kinds of wires (6A and 
6B) provided with the turning portions having differ- 

40 ent curvature radiuses, comprising steps of: 

piling up inside and outside said turning por- 
tions having different curvature radiuses and 
moving one of said pair of straight line portions 
more apart from another of said pair of straight 
line portion in each of said plural kinds of wires 
so as to twist said turning portion of each of the 
plural kinds of near letter U shaped wires, while 
urging said turning portion of the wire (6A)piled 
up outside toward said pair of straight line por- 
tions thereof. 

10. A stator manufacturing method according to claim 
9, further comprising steps of; 

55 

supporting said pair of straight line portions of 
the wire (6B) piled up outside at respective pre- 
determined axial positions thereof, when said 



a third biasing mechanism (324,335) for urging 
respective leading ends of said pair of straight 
line portions (62) of the wire (6A) arranged out- 45 
side toward said pair of straight line portions 
thereof, after said turning portions (63 and 64) 
of at least two kinds of wires have been twisted, 
respectively. 
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turning portion (64) of the wire (6A) piled up 
outside are urged toward said pair of straight 
line portions thereof. 

11. A stator manufacturing method according to claim 9 5 
or 10, further comprising steps of; 

urging respective leading ends of said pair of 
straight line portions (61) of the wire (6B) piled 
up inside toward said pair of straight line por- 10 
tions thereof, when said turning portions of the 
plural kinds of near letter U shaped wires piled 
up each other are twisted. 

12. A stator manufacturing method according to any 15 
one of claims 9 to 1 1 , further comprising steps of; 

urging respective leading ends of said pair of 
straight line portions (62) of the wire (6A) piled 
up outside, after said turning portions (63 and 20 
64) of the plural kinds of near letter U shaped 
wires piled up each other have been twisted. 

13. A stator manufacturing method according to any 
one of claims 9 to 1 2, further comprising steps of; 25 

arranging in a ring shape a plurality of units 
each of which is constituted by the plural kinds 
of near letter U shaped wires (6A.6B) piled up 
each other in such a manner that said pair of 30 
straight portions (61 and 62) of the near letter U 
shaped wires in each of the units are aligned 
radially, wherein said pair of straight portions in 
each of the units are moved circumferentially to 
be more apart from each other so that said 35 
turning portions (63 and 64) of each of the units 
of the near letter U shaped wires may be simul- 
taneously twisted. 

' -" - 40 
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(11) ; the connecting portion of the near letter U shaped 
wire ! being formed in a twisted shape by rotating rela- 
tively the inside and outside jigs (3) and (4),' the appara- 
tus has a biasing mechanism for urging leading ends of 
the straight portions (11) and the connecting portion 

(12) in a contracting direction. 
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